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MIXED A1KDXY1ATED AIJXTOL-HYIPOQ^^ 
BORATES-AETnOXIDftNIS 

This application is directed to novel additive products 
comprising mixed alkoxylated aloohol-hydroquinone or resorcinol 
borates, a process of preparing such products, o c epos itions 
containing such products and methods of vising such products. 
5 These products, when incorporated into oils of lubricating 
viscosity or greases thereof provide superior lubricant 
compositions having excellent antioxidant activity and antiwear 
performance. 

Lubricants such as lubricating oils and greases are 

10 subject to oxidative deterioration at elevated tenperatures or 
upon prolonged exposure to the elements. Such deterioration is 
evidenced, in many instances, by an increase in acidity and in 
viscosity and, when the deterioration is severe enough, it can 
cause metal parts to corrode. 

15 Antioxidants or oxidation inhibitors are used to 

minimize the effects of oil deterioration that occur, The degree 
and rate of oxidation will depend on tenperature, air and oil 
flow rates and, of particular inportance, an the presence of 
metals that may catalytically prorate oxidation. Antioxidants 

20 generally function by prevention of chain peroxide reaction 
and/or metal catalyst deactivation. 

Water (moisture) is another critical problem. In spite 
of even extraordinary precautionary efforts water is found as a 
film or in minute droplets in vessels containing various 

25 hydrocarbon distillates. Ohis brings abcwt ideal conditions for 
corrosion and damage of metal surfaces of the vessels and the 
materials contained therein. Also in the lubrication of internal 
combustion engines, for exauple, quantities of water are often 
present as a separate phase within the lubricating system. 

30 Another serious problem in respect to metallic surfaces in 
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contact with adjacent metallic surfaces is wear caused by the 
contact of such surfaces. 

One material capable of sinultaneously and effectively 
coping with these problems is highly desireous. It has now been 
5 found that the use of these novel ^iv^rf hydroguinone or 

resorcinol-alkoxylated alcohol borates provides exceptional 
antioxidant, antiwear and corrosion inhibiting activity with 
potential antifatique, friction reducing, antirust arri hi#i 
tenperature stabilizing properties. 
1° 3he use of hydroguinones and resorcinols has been well 

known because of their antioxidant properties in a variety of 
petroleum and non-petroleum products. 

She use of borates has found extensive application in 
such diverse areas as grease additives, brake arri hydraulic 
15 fluids and fuel and combustion additives. 

Die use of alkoxylated alcohols or alkoxylated phenols 
has been widely reported as having beneficial irultifunctioial 
characteristics in a variety of fuel and lubricant applications. 

The present invention provides a reaction product 
20 suitable for use as multifunctional antdoxidant/antirust/antiwear 
lubricant additives prepared by reacting (1) a hydrocarbyl 
substituted hydroquinone or resorcinol with (2) an alkoxylated 
alcohol or mixture of alkoxylated alcohols and (3) a boronating 
agent as described below: 



— 7 ^ Mixed Borates 
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where R is ^ to C 3Q hydrocartyl, R 1 is C 2 to C 2Q hydrocarbyl and 
optionally containing sulfur, nitrogen, phosphorus and/or oxygen, 
R 2 is to C 3Q hydrocarbyl, and cptionally containing sulfur, 
nitrogen, phosphorus and/or oxygen, x is an integer varying fron 
5 1 to 20, and y is an integer varying from 0 to 3. 

The present invention further provides a process for 
preparing mixed aDcoxylated alcohol-hydrtxjuincxie/resorc 
borates suitable for use as multifunctional 
antioxidant/antirust/antiwear lubricant additives ccnprising 

10 reacting (1) a C^-C^ hydrocarbyl hydroguinone or resorcinol (2) 
an alkoxylated alcohol having the structure R — (O-R 1 )^— OH where 
R is to C 3Q hydrocarbyl, and R 1 is C 2 to C 2Q hydrocarbyl and 
cptionally containing sulfur, nitrogen, phosphorus and/or oxygen, 
and where x is an integer varying from 1 to 20 or mixture 

15 thereof and (3) a boronating agent, the reaction being carrried 
out at tenperatures of f Tom 35° to 250°C at ambient or 
slightly higher pressure with molar quantities, less than molar 
quantities and more than molar quantities of the boronating 
agent. 

20 The present invention also provides a ocnposition 

ccnprising a major amount of an oil of lubricating viscosity or 
grease or other solid lubricant prepared therefrom and a minor 
multifunctional antioxidant/antirust/antiwear amount of fran 0.01 
to lO^by weight of the total composition of a mixed aDcoxylated 

25 alcxfcol-hydroguinone or alkoxylated alcohol -resorcinol borate 
prepared as described below: 




Mixed Borates 
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where R is to C 3Q hydrocarbyl, R 1 is C 2 to C 2Q hydrocarbyl and 
optionally containing sulfur, nitrogen, phosphorus and/or oxygen, R 2 
is to C 3Q hydrocarbyl, and optionally containing sulfur, nitrogen, 
phosphorus anVor oxygen, x is an integer varying fron 1 to 20, and y 
5 is an integer varying from 0 to 3. 

This application is directed to lubricant products derived 
from mixed alkoxylated alcohol hydroquinone/resorcinol borates and to 
lubricant ccnpositions containing small additive concentrations of 
mixed alkoxylated alcohol-hydroquinone borates or mixed alkoxylated 
10 alcchol-resorcinol borates. ttiese novel ocqpounds pn^sess excellent 
antioxidant activity and nultifunctonal antiwear performance. 
Accordingly, this application is directed to the above referred to 
novel additives and to novel lubricant ccnpositions containing same 
and to their use. 

15 The present invention is also directed to the use of such 

products as an arrtioxidant/antirust/antiwear addit ive in a ccnposition 
conprising a major amcunt of an oil of lubricating viscosity or grease 
or other solid lubricant prepared therefran. 

A process by which the additive products in 

20 accordance with the invention may be prepared is outlined below. 




Mixed Borates 



where R is to C 3Q hydrocarbyl, which but is not 

25 li m ited to aliphatic, cyclic and aromatic groups, and can 

optionally contain sulfur, nitrogen, phosphorus and/or oxygen, 
R 1 is C 2 to C 2Q hydrocarbyl, preferably C 2 -C 6 hydrocarbyl, 
R 2 is to C 3Q hydrocarbyl, and can optionally contain sulfur, 
30 nitrogen, phosphorus and/or oxygen, x is an integer of fron 1 to 
20, and y is an integer of frcm 0 to 3, with 1-2 being 
preferred. 



For exanple, triethoxylated mixed dodecanol-pentadecanol 
(cxumearcially obtained fran Shell Chemical Ccnpany as Neodol 25-3 
triethoxylated mixed C^-C^ alcohols) was co-borated with 
hydroquinone or resorcinol to form mixed borate esters. 

Both the hydraguinane and/or resorcinol moiety and the 
borate ester are believed to provide the basis for synergistic 
antioxidant activity. The alkoxylated alcohol and borate ester 
are also believed to contribute additional antirust, dstergency 
ard/or friction reducing properties to the additives. Although 
applicants do not wish to be held to a particular theory, these 
benef ical properties are believed to be enhanced as a result of 
this novel internal synergism. This internal synergism concept 
is believed to be applicable to similar structures containing 
hydroquinone or resorcinol borate ester and alkoxylated alcohol 
or alkoxylated phenol moieties within the same molecule. 

Die alkoxylated alcohol usually contains at least six 
carbon atoms to sixty carbon atoms. Preferred are sucii alcohols 
as dodacanol, pentadecanol and mixtures thereof. 

Boric acid can be used as a boronating agent or 
metaborates, triakyl borates or any other suitable boronating 
agent may be enployed. Suitable metaborates include tut are not 
limited to triirethyl metaborate (tximethoxyboroxine) , triethyl 
netaborate, tributyl metaborate. Suitable trialkyl borates 
indu3e but are not limited to trimethyl borate, triehtylborate , 
triiscproyl borate (triisopropoxyborane) , trifcutyl 
borate (txibutoxyborane and tri-tert-fcutyl borate. 

The reaction conditions are not believed to be critical. 
Conditions therefore may vary widely, depending upon such as 
whether or not a solvent is vised. Suitable solvents include 
hydrocarbon solvents such as toluene and the like. The pressure 
may generally be ambient or slightly higher, if desired. The 
tenperature may vary from ambient or to about 35*C to abcut 250 *C 
or reflux. An excess of one reagent or another can be used. An 
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excess of one reagent or another can be vised. Molar quantities, 

less than molar quantities, or more than molar quantities of - 

boronating agent can be used. Up to a 500% molar excess of 

boronating agent can be used. * *. 

5 The additives may be incorporated into any suitable 

lubricating media which emprises oils of lubricating viscosity, 
e.g. , mineral or synthetic; or mixtures of mineral and synthetic, 
or greases in which the aforementioned oils are employed as a 
vehicle or into such functional fluids as hydraulic fluids, brake 

10 fluids and power transmission fluids. In general, mineral oils 
and/or synthetic oils, employed as the lubricant oil, or grease 
vehicle may be of any suitable lubricating viscosity range, as 
for exanple, fran 45 SSU at 37.8 # C (100T) to 6000 SSU at 37.8 # C 
(100T), and, preferably, fran 50 to 250 SSU at 98.9 # C (210T) . 

15 Ihese oils may have viscosity indices fran below zero to 100 or 
higher. Viscosity indices fran 70 to 95 are preferred. The 
average molecular weight of these oils may range fran 250 to 
800. 

In instances where synthetic oils are desired in 
20 preference to mineral oils as the vehicle for the grease, or in 

combination therewith, various compounds of this type may be 

successfully utilized, l^pical synthetic vehicles include 

polyisobutylene, polybutenes, hydrogenated polydecenes, 

polypropylene glycol, polyethylene glycol, trimethylolpropane 
25 esters, neopentyl and pentaerythritol esters, di(2-ethylhexyl) 

sebacate, di ( 2-ethylhexyl ) adipate, dibutyl phthalate, 

fluorocarbons, silicate esters, silanes, esters of 

phosphorous-containing acids, liquid ureas, ferrocene 

derivatives, hydrogenated mineral oils, chain-type polyphenyls, 
30 siloxanes and silicones (polys iloxanes) , alkyl-substituted - 

diphenyl ethers typified by a butyl-substituted bis (p-phercxy 

phenyl) ether and phenoxy phenylethers. T 
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The products of this application also shew good 
catpatibility when used in the presence of other additives in the 
lubricant compositions. Iherefore, fully formulated lubricating 
oils may include a variety of additives (for their knewn purpose) 
5 such as dispersants, detergents, inhibitors, antiwaar agents, 
antioxidant, antifoam, pour depressant and other additives 
including phenates, sulfonates and phosphates such as zinc 
dithicphesphatss, zinc dihydrrx^iriyl phosphorodithioates and 
ashless non-metallic dihydrocarbyl phosphorodithioates. 

10 Where the lubricant is to be employed in the form of a 

grease, the lubricating oil is generally employed in an amcunt 
sufficient to balance the total grease exposition, after 
accounting for the desired quantity of the thickening agent and 
other addit ive cenponents to be included in the grease 

15 formulation* 

When high temperature s tabil ity is not a requirement of 
the finished grease, mineral oils having a viscosity of at least 
40 SSU at 65.6'C (150T) , and particularly those falling within 
the range from 60 SSU to 6,000 SSU at 37.8*C (100T) may be 

20 enplqyed. The lubricating vehicles of the inprwed greases of 
the present invention, containing the above described additives, 
are ccntoined with a grease forming quantity of a thickening 
agent. For this purpose, a wide variety of materials are 
riitcporF*** in the lubricating vehicle in grease-forming quantities 

25 in such degree as to irtpart to the resulting grease composition 
the desired consistency. Exenplary of the thickening agents that 
may be enplqyed in the grease f emulation are ncn-soap thickeners 
such as surfacemodified clays arxl silicas, aryl ureas, calcium 
cccplexes and similar materials. In general, grease thickeners 

30 may be eiplqyed which do not melt and dissolve when used at the 
required temperature within a particular environment. Soap 
thickeners such as metallic (lithium or calcium) soaps including 
hydroxy stearate arri/or stearate soaps can be used. Hcwever, in 
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all other respects, any material which is normally employed for 
thickening or gelling hydrocarbon fluids or forming greases can 
be used in preparing the aforementioned irrproved greases in 

5 Included among the preferred tMckening agents are those 

containing at least a portion of alkali metal, alkaline earth 
metal or amine soaps of hydroxyl-conta ining fatty acids, fatty 
glycerides and fatty esters having £n» 12 tc 20 carbon atoms 
per molecule. The metals are typified by sodium, lithium, 

10 calcium and barium. Preferred is lithium. Preferred members 

among these acids and fatty materials are 12-hydnaxystearic acid 
and glycerides containing 32-hydroxystearates, 14-hydraxystearic 
acid, 16-hydraxystearic acid and 6-hydroxystoearic acid. 

Included among the other useful thickening agents are 

15 alkali and alkaline earth metal soaps of 

methyl-12-hydroxystearate, diesters of a to dicarbaxylic 
acid and tall oil fatty acids. Others alkali or alkaline earth 
metal fatty acids containing fran 12 to 30 carbon atans and no 
free hydroxyl may be used. These include soaps of stearic and 

20 oleic acids. 

As has been diclosed hereinabove, the reaction products 
are useful as multifunctional antiwear/antdoKidant/antrirxist 
agents. They are added to the lubricating medium in amounts 
sufficient to inpart such properties to the lubricant. More 

25 particularly, such properties will be imparted to the lubricant 
by addition from 0.01% to 10% by weight, preferably from 0.05% to 
3%, of the neat product. 

The following exanple is exenplary and not intended as 
limitations. 



30 



Example 1 

/proximately 55g hydroguinone, 61. 8g boric acid and 
336g of triethoxylated mixed dodecanol-pentadecanol (cccroercially 
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obtained fran Shell Chemical Ocnpany as Neodol 25-3) and 200 ml 
toluene were mixed in a reactor equipped with heater, stirrer and 
Dean-Stark trap. The reactants were heated at 125*C over a 
period of six hours during which 41g water was azeotropically 
5 collected. The mixture was filtered to remove solids and the 
volatiles were rencved by distillation at reduced pressure. 
Approximately 358g of product was recovered after distillation, 
the product contained approximately 2 weight percent b a ron. 

The mixed alkaxylated alcxJiol^ydroquinone borates were 

10 blended into mixed mineral oils and evaluated for antiwear 
performance using the Four-Ball Wear Test (ASTM D2266) for 
further details see U.S. Patent 4,761,482. As can be seen fran 
the data in Table 1, the mixed alkaxylated alcxhol-^droquincne 
borates exhibit significant antiwear properties. 

15 tahtf i 

Fcur^Ball Vtear Test 
(2000 rpn, 60kg load, 30 min, 93.33 # C (200T) 

Examples Wear Scar Diameter, tup 

Base oil (80% solvent 3.34 
20 paraffinic bright, 20% 

solvent paraffinic neutral 
mineral oils) 

1% of Exanple 1 in 1.02 
above base oil. 



25 Bie mixed alkaxylated alcxiiol-Jiydroguinone borates were 

blended into a ISO VG 220 Lithium hydroxystearate thidkened 
mineral oil base grease. Dropping point evaluation using ASTM 
D-2265 test method was performed using each of the greases. As 
shown by the data in Table 2, the mixed borates of this patent 

30 information were found to significantly increase the dropping 
point of the grease. 
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TABTE 2 

Droroiirr Point 1\est, ASTM D-2265 
Vxaxple* Drrxpim Poin t. «C f»F 

Lithium hydroxystearate thickened 21CTC (410*F) 

5 mineral oil derived grease 

1% of Example 1 above base grease 252.78'C (487 # F) 

2% of Example 1 above base grease 262.78*C (505T) 

3% of Exanple 1 above base grease 269.44*C (517T) 

Ihe products of this invention exhibit very good 
10 multifunctional antioxidant, antiwear and Mgh-tenperature 

stabilizing properties especially under the severe condition 
used in the performance screening tests. Ihe prducts of this 
invention lAen used in premium quality automotive and industrial 
lubricants will significantly enhance the s tabilit y and extend 
15 the service life. Hie novel compositions Scribed herein are 
useful at lew cxajoentrations and do not caontain any potentially 
undesirable metals or chlorine and are ashless. These 
multifunctional antioxidants can be oaaae rcially Bade using an 
economically favorable one-step, one-pot condensation process 
vAiich could be readily inplemented using known technology in 
existing equipment. 



20 
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What Is Claiined Is : 

1. A reaction product suitable for use as 
nultifunctional antioxidant/antirust/antiwear lubricant additives 
prepared by reacting (1) a hydrocarbyl substituted hydroquinone 
5 or resorcinol with (2) an alkoxylated alcohol or mixture of 
alkoxylated alcohols and (3) a boronating agent as described 
below: 




Mixed Borates 



vhere R is C^ to C 3£) hydrocarbyl, is C 2 to C 2Q hydrocarbyl and 
optionally containing sulfur, nitrogen, phosphorus and/or oxygen, 
R 2 is to C 3Q hydrocarbyl, and opticnally rontaining sulfur, 
nitrogen, phosphorus and/or oxygen, x is an integer varying fran 
15 1 to 20, and y is an integer varying from 0 to 3. 

2. The product of claim 1 vhere the boronating agent 
is selected boric acid, metaborates, and trialkyl borates. 

3. The product of claim 2 vhere the boronating agent 
is boric acid. 

20 4. The product of claim 1 vhere reactant (1) is 

resorcinol or hydrocarbyl substituted resorcinol , 

5. The product of claim 1 vtere reactant (1) is 
hydroquinone or hydrocarbyl substituted hydroquinone. 

6. The product of claim 1 vhere the alkoxylated 
25 alcohol is mixed triethoxylated dodecanol-pentadecanol . 
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7. The product of claim 1 where the reactants are 
hydroquinone, triethoxylated mixed dodecanol-pentadecanol, and 
boric acid. 

8. The product of claim 1 where the reactants are 
5 resorcinol, triethyoxylated mixed acdecarol-pentadecanol and 

boric acid. 

9. A process for preparing mixed alkoxylated 
alcohol -hydrrx^uincre/resorcinol borates suitable for use as 
nultifunctional ariticxidant/antirust/arftiwear lubricant additives 

10 ccnprising reacting (1) a C^-C^ hydrocarbyl hydroquinone or 
resorcinol (2) an alkoxylated alcohol having the structure 
R— (0-R 1 ) x — CH where R is to C 3Q hydrocarbyl, and R 1 is C 2 to 
C 2o hydrocarbyl and optionally containing sulfur, nitrogen, 
phosphorus and/or oxygen, and where x is an integer varying f ran 

15 1 to 20 or mixture thereof and (3) a boronating agent, the 
reaction being carrried out at temperature* of fran 35' to 
250*C at ambient or slightly higher pressure with molar 
quantities, less than molar quantities and more than molar 
quantities of the boronating agent. 

20 10 - The process of claim 9 where the boronating agent 

is selected from borix acid, metaborates and trialXyl borates. 

11. The process of claim 10 where the boronating agent 
is boric acid. 

12. The process of claim 9 where reactant (1) is 
25 resorcinol or hydrocarbyl substituted resorcinol. 

13. The process of claim 9 where reactant (1) is 
hydroquinone or hydrocarbyl substituted hydroquinone. 

14. The process fo claim 9 where the alkoxylated 
alcohol is mixed triethoxylated dcdecanol-pentadecanol. 

30 15. The process of claim 9 where the reactants are 

hydroquinone, triethoxylated mixed dodecanol-pentadecanol, and 
boric acid. 
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16. The p iuue s s of claim 9 where the reactants are 
resorcinol, triethoxylated mixed dcdecanol-pentactecanol ard boric 
acid. 

17. The process of claim 9 where said process is a one 
5 pet, one-step process. 

18. A oenposition comprising a major amount of an oil 
of lubricating viscosity or grease or other solid lubricant 
prepared therefrom and a miror sultifuncticnal 

antioxidant/antirust/antiwear amount of from 0.01 to 10 by weight 
10 of the total composition of a mixed alkoxylated 

alcxJx)l-hydroquincne or aUcoxylated alcchol-resorcinol borate 
prepared as described below: 



-OH 



15 



20 




i 

or + R-(OR- L ) x ^0H + Mixed Borates 

(R 2 )y 

where R is C^ to c 3Q hydrocarbyl, R x is C 2 to C 2Q hydrocartoyl and 
optionally containing sulfur, nitrogen, phosphorus and/or oxygen, 
R 2 is C 1 to C 3Q hydrocarbyl, and optionally ccntaiiiing sulfur, 
nitrogen, phosphorus and/or oxygen, x is an integer of firm 1 to 
20, and y is an integer of fran 0 to 3. 

19. The cenpositien of claim 18 whrein the boronating 
agent is selected front boric acid, mstaborates, and trialkyl 
borates. 

20. the oenposition of claim 18 wherein the boronating 
25 agent is boric acid. 

21. The oenposition of claim 19 where a boronating 
agent other than boric acied is used, the boronating agent being 
selected metaborates and trial Kyi borates. 
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15 



22. The ccupositian of claim 18 where the alcohol is a 
mixed triethoxylated alcohol. 

23. The conposition of claim 21 where the said alcohol 
is triethoxylated mixed dodecanol-pentadecanoi. 

5 24. The conposition of claim 18 where the reactants are 

resorcinol, triethoxylated mixed dodecanol-pentadecanol and boric 
acid. 

25. The conposition of claim 18 where the r»=actants are 
hydroquinone, triethoxylated mixed dodecanol-pentadecanol and 

10 boric acid. 

26. The conposition of claim 18 where molar quantities, 
less than molar quantities or more than molar quantities of 
boronating agent are used. 

27. The conposition of claim 18 where oil of 
lubricating viscosity is selected from mineral oilts, synthetic 
oils and mixtures thereof. 

28. The conposition of claim 27 where the oil is a 
mineral oil. 

29. The conposition of claim 27 where the oil is a 
20 synthetic oil. 

30. The composition of claim 27 where the oil is a 
mixture of synthetic and mineral oils. 

31. The conpos ition of claim 18 where the conposition 
is a grease conposition. 

25 32. The conposition of claim 18 where the oil of 

lubricating viscosity or grease contains from 0.01 to 10 wt % of 
additive oil. 

33. The conposition of claim 31 where the grease is 
synthetic and/or mineral oil lithium conplex thickened grea se . 
30 34. The conposition of claim 18 containing as an 

additional additive conponent a phsophorus and/or sulfur 
containing product. 



WO 90/13618 



PCT/US90/02337 



- 15 - 



35. The composition of claim 34 where the additional 
occpanent is a phosphorodithioate . 

36. The opposition of claim 33 where the 

5 an ashless non-metallic dihydrocarbyl phosphorodithioate. 

37. A process for improving the fuel exorany of an 
internal combustion engine, ocnprising contacting the moving 
parts of said engine witha cccposition as described in claim 18. 



38. A process for improving the dropping point, arxJ/or 
10 oxidative stability of a metal or non-metal hydroxyl containing 

soap thickened grease by blending therein a minor amount of an 
additive product as tovrrifaed in Claim 18. 

39. Use of frtm 0.01 to 10* by weight of the total 
oonpos ition of a reaction product as defined in claim 1 as an 

15 antdaxidanVantirusVantiwaar additive in a oonpos ition 

ocnprising a major am o un t of an oil of lubricating viscosity or 
grease or other solid lubricant prepared therefrom. 
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